Greene8 showed that embryonic tissues would survive, grow, differentiate, and organize after transfer to the anterior chamber of the eye. Such tissues often persisted in a healthy state for indefinite periods even in hosts of alien species. Liver and endocrine tissues, however, did not survive transplantations. Greene10 later found that gonads could be successfully transplanted and showed that embryonic tissue would usually survive when transferred to a subcutaneous site.9
into mice of one of the appropriate three strains. The recipient mice were of either sex but always between three and four months of age.
The fate of different developmental stages of pancreatic tissue in homologous and heterologous transfer was examined in the anterior chamber of the eye. The technique of intra-ocular transplantation has been described previously."8 The entire pancreas of sixteen-day embryos was divided into four to six fragments, and each fragment was used as a separate transplant. Newborn and adult pancreases were divided into fragments of size similar to those of embryonic pancreas. For each developmental stage, fragments were transferred to the eyes of seven to ten homologous hosts and to the same number of heterologous hosts. Both eyes of each host were used and one fragment of pancreatic tissue placed in each anterior chamber. The procedure was repeated three times for each developmental stage using pancreatic tissue from independent sources. Intra-ocular transplants were examined on the second, seventh, fourteenth, and twenty-first days and at the end of one, two, and three months. Except on the second day, representative animals were killed at the same intervals and their transplants used for histological study. Whole embryos at the thirteenth and sixteenth days of gestation and the pancreases of newborn, three-day post-natal, five-day post-natal, seven-day post-natal, and adult mice were also studied histologically. Pancreatic differentiation was examined by the staining methods of Bensley1 and Gomori8 both in this and in other histological material.
The fate and physiological function of embryonic and neonatal pancreatic tissue in diabetic hosts was also examined in the intra-ocular, subcutaneous, and subcapsular splenic sites. The hosts were always homologous and ten to fifteen recipients were used in each series. When the intra-ocular site was employed, either half or a whole sixteenday embryonic pancreas was transplanted to each eye. The anterior chamber was entirely filled by a whole pancreas at this developmental stage. When the subcutaneous or subcapsular splenic sites were used, two or more sixteen-day embryonic or newborn pancreases were transferred to each host. Such transplants were preserved for histological study, together with the pancreas of the host, either at the death of the host or at the termination of the experiment. Diabetic mice were produced by the intraperitoneal administration of alloxan in 1% aqueous solution, following a period of forty-eight hours' starvation. In mice of the dba strain a dosage of 175 mg./kg. produced a moderate to severe glycosuria (plus two to complete reduction in the Benedict qualitative test) in approximately seventyfive per cent of the animals. Mice of the C57 brown strain were completely refractory to alloxan, no gross symptoms appearing from the above dosage. A higher dosage or several repetitions of this dosage resulted in death without glycosuria. Consequently, dba mice were used exclusively in physiological function experiments.
Individual urine collections for testing of glycosuria by Benedict's qualitative reagent were made by placing each animal in a half-liter filter funnel. The tail of each mouse was taped to the funnel rim so as to restrict the animal and prevent adsorption of urine on the tail. Fine wire mesh at the exit of the funnel excluded feces from the urine draining from it. All food (laboratory chow) was withdrawn from the animals twentyfour hours before testing and replaced two hours before testing. Immediately prior to placement in the funnels each mouse received 1 ml. of water intraperitoneally. This procedure ensured within the subsequent two hours the excretion by each animal of urine sufficient for testing.
RESULTS
A. Normal developmnent of the pancreas in the mouse. In mice of each of the three inbred strains used the pancreas was distinguishable histologically on the thirteenth day of embryonic life. The anlage consisted of a number of branching tubules, the lumina of which were lined with a low columnar epithelium. The anlage was not discernible in gross dissections.
By the sixteenth day of embryonic life the pancreas was well defined in gross dissections. Histological study showed that alveolar formations had developed and the lumina were almost completely obliterated by the swollen cells (Fig. 1) . The newborn pancreas differed from this stage only in the increased number of alveoli. without actual increase in size, and the number that showed organization with actual growth are given. The majority of transplants of embryonic pancreas in homologous hosts grew to one and one-half to three times their original surface area. This surface extension was accompanied by proportionate volumetric increase which was not measurable. Vascularization was apparent in the transplants on the second or third day after transfer, and growth began immediately after, reaching completion by the twenty-first day. Thereafter the transplants persisted in an unchanged state for as long as the hosts were maintained. Small cysts often appeared in the transplants at the end of the first week of intra-ocular life; at the same time scattered opacities also became visible. The cysts might or might not increase in size during the rest of the growth period, while the opacities always enlarged until cessation of growth at the end of the third week. These opacities closely resembled those seen in the whole pancreases of mice more than three days old where they represented the islets of Langerhans. Fatty tissue was also developed during the latter half of the growth period.
Thirty-four of the forty transplants of embryonic pancreas showed the above pattern of growth and development. Three more transplants showed the same developmental pattern of vascularization, cysts, opacities, and fat without actual size increase. The remaining three transplants began to be absorbed from the time of transfer.
Homologous transplants of newborn pancreas usually showed development of vascularization, cysts, opacities, and fat without growth of the whole transplant. However, out of the thirty-seven fragments among fortyfive that did develop, four also showed growth to approximately twice the original surface area. The eight transplants that showed no development began to be absorbed from the time of transfer.
Homologous transplants of adult pancreas often became vascularized and persisted indefinitely. They did not show any developmental changes involving cysts, opacities, or fat. Occasional opacities were visible if the transplanted fragment had contained islet tissue at the time of transfer. These opacities did not change. Not only was there no growth of any transplant as a whole, but those that persisted became reduced to thin sheets of tissue without proportional depth, quite unlike transplants of embryonic or newborn tissue. Out of forty-two fragments transferred, twenty-six showed the above course; the remaining sixteen began to be absorbed from the time of transfer.
Heterologous transplants of embryonic, newborn, and adult pancreas showed behavior generally similar to corresponding homotransplants. However, growth of the transplants as a whole was much less frequent and there was no indefinite persistence. In the case of embryonic pancreas only eight out of forty-four transplants grew, although thirty-two showed development of vascularization, cysts, opacities, dnd fat in a manner identi- In the case of heterotransplants of newborn pancreas, two out of fortythree showed over-all growth, and twenty-five underwent developmental changes, while the remaining eighteen began to be absorbed from the time of transfer. The developmental changes involved vascularity, cysts, opacities, and fat and occurred over the first three weeks of intra-ocular life, as did similar changes in other series of transplants. At the end of this time the newborn transplants regressed and were absorbed in the same manner as heterotransplants of embryonic pancreas. Heterologous transplants of adult pancreas began to be absorbed from the time of transfer and never showed any signs of development with or without growth.
Histologically the surviving transplants of embryonic or newborn pancreas in any series were found to consist of connective tissue with fat cells, vesicles of varying size and highly cellular islands (Figs. 3, 4 , and 5). These islands were somewhat less numerous in transplants of newborn tissue. The vesicles were those seen grossly as cysts; they were lined with a cuboidal epithelium and were the only representative of alveolar tissue. The islands were exceptionally well vascularized, consisting of cells with very basophilic granular cytoplasm and round nuclei. Special stains demonstrated that they represented the beta cells of the islets of Langerhans. No other cell type occurred in these islands.
Histologically, homologous transplants of adult pancreas showed thin sheets of fat cells and fibroblasts. Islets occurred only if they had been present in the transplanted fragment.
In summary, homologous transplants of embryonic, newborn, and adult pancreas usually showed indefinite survival often accompanied by developmental changes and sometimes by growth of the transplant as a whole. The capacity for such survival, and especially for accompanying growth, diminished with increasing age of the donor of the transferred tissue. The developmental changes, absent in the case of adult transplants, involved good differentiation and organization of islet tissue and poor representation of the alveolar components of the normal gland. In heterologous transplants a limited survival accompanied by developmental changes with or without growth occurred but was less frequent. The capacity for such survival also diminished with increasing age of the donor. Regression and absorption always ended the course of heterotransplants.
C. Transplants of pancreas in diabetic mice. Seven groups of twelve to eighteen dba mice were treated with alloxan. The individual urines were tested after six to eight days when the majority of the animals gave a two plus to complete reduction reaction with Benedict's qualitative reagent. Those animals with lesser reactions were discarded. Similar tests before alloxanization had shown that almost all of the mice had a negative reaction; an occasional animal had a doubtful plus one reading. Each of the seven groups received one of the following treatments: no transplant, one embryonic pancreas intra-ocularly, two embryonic pancreases intra-ocularly, two embryonic pancreases beneath the splenic capsule, two embryonic pancreases subcutaneously, two newborn pancreases subcutaneously, or four newborn pancreases subcutaneously. Each treatment was repeated once on a similar but independent group of alloxanized mice, except for that involving four newborn pancreases which was repeated twice. The transplantations were made on the second day after the initial post-alloxan testing, i.e., eight to ten days after alloxanization.
All surviving animals were retested for glycosuria on the fourteenth, twenty-first, thirtieth, forty-fifth, sixtieth, and ninetieth days after alloxanization. Table 2 shows the range of glycosuria for the two or three groups receiving each treatment.
The mice of the groups receiving no transplants, one embryonic pancreas intra-ocularly or two embryonic pancreases beneath the splenic capsule showed an identical course (A, B, and D, Table 2 ). The glycosuria, if not maximal at the first post-alloxan test, gave a four plus or complete reduction reaction by the third test, i.e., twenty-one days after alloxanization. By the thirtieth day all animals were dead or extremely emaciated and obviously moribund. None survived beyond the thirty-fifth day.
A similar course obtained for most of the animals in the groups that received two embryonic pancreases intra-ocularly or subcutaneously or two newborn pancreases subcutaneously (C, E, and F, Tables 2 and 3 ). Most succumbed before the forty-fifth day. However, seven out of sixty-six (9%) animals showed a glycosuria that remained constant at a three plus reaction or diminished from an early three plus to a two plus. Two died on the 48th and 50th days respectively, and five survived until sacrificed on the ninetieth day.
A similar course also obtained for thirteen out of thirty-eight animals that received four newborn pancreases subcutaneously (G, Table 2 ). All died by or shortly after the forty-fifth day. However, twenty-five (66%) of the animals survived for three months with a glycosuria ultimately ranging from a negative to a plus three reaction. Table 3 shows the individual variations in glycosuria in these survivors until the ninetieth day when they were sacrificed. The usual course was an initial maximal glycosuria that slowly fell, or an initial submaximal glycosuria that rose and then fell, or that fell without a rise.
The gross behavior and histological development of intra-ocular transplants in diabetic hosts was identical with that in untreated animals (Fig.   6 ). Those Secondly, a few of the transplants of newborn pancreas showed growth. Growth of other newborn tissues was rare, only skin and stomach exhibiting it. Possibly there is a correlation between the ability of newborn tissues to grow on transfer and the relative or absolute incompleteness of differentiation and organization at birth. This growth of the entire newborn pancreas is even more striking when the lack of development of acinar tissues, which form the bulk of the transplanted fragment, is considered. Such growth was not correlated with cyst formation. The absence of indefinite persistence of embryonic pancreas in heterologous transfer was also consistent with previous work on other tissues, but inconsistent with the results of Greene8'9 who found little difference between the developmental course of transplants of rabbit, mouse, and human embryonic tissues in homologous and heterologous hosts. Adequate explanation for this inconsistency is lacking. Both eyes were used for transplants in each animal here and in previous work, whereas Greene used but one. Heterologous transplants made by the present author were between different inbred strains while those of Greene were between different species. It is possible that inbred strains of one species are more sharply distinguished in regard to tissue compatibility than two non-inbred species.
Development of embryonic and newborn grafts of pancreas in homologous hosts was identical in the intra-ocular and subcutaneous sites, which confirms the work of Greene,8'9 who found little difference between them for embryonic transplants. However, grafts made subcapsularly in the spleen did not persist; information on their growth and differentiation is lacking as they were not recovered from the hosts before the thirtieth day after alloxanization. The obvious difference between such a site and the intraocular and subcutaneous is that venous drainage would be into the hepatic por-tal rather than directly into the systemic circulation. However, the grafts would also be in contiguity with the reticulo-endothelial tissue of the host. Murphy and Sturm' found that transplants of tumor tissue were destroyed if accompanied by a fragment of autologous (but not homologous) spleen.
Woodruff and Woodruff'9 made similar findings for thyroid tissue transplants associated with autologous and homologous spleen.
Production of diabetic mice. A permanent hyperglycemia or glycosuria was not produced in "Swiss" mice by intravenous (Waisbren)" or intraperitoneal (Ruangsiri)' alloxan at dosages of 100 mg./kg. and 300 mg./kg. respectively. In rats, Kass and Waisbren"2 used a subcutaneous dosage of 175 mg./kg. administered after 48 to 60 hours fasting. They obtained almost uniform susceptibility and a hyperglycemia that was sustained for at least three months. The same technique, except for the use of the intraperitoneal route, was used here with success in dba mice. The resultant glycosuria never disappeared spontaneously in control or experimental animals and tended to increase in severity over the first month. On the other hand, glycosuria was not produced by alloxan in mice of the C57 brown strain. The refractoriness of certain species such as the guinea-pig, duck, toad, and owl has been previously recorded."8'
The extent of histological damage to islet tissue by alloxan in various species is apparently variable. Findings have ranged from destruction of beta cells alone7 to total elimination of all islets.' Duff,' however, stated that no islets of Langerhans remain in rabbits or rats after prolonged periods of alloxan diabetes. The present findings are in agreement with this statement for the dba mouse.
Effect of transplants on glycosuria. The general conclusion arising from attempts to replace islet tissue function of the host by an intra-ocular or subcutaneous transplant is that one or even two entire embryonic or newborn pancreases are insufficient to restore normal balance. This is not unreasonable when it is realized that, while such transplanted tissues differentiate and often grow, the ultimate growth is never comparable to that which would occur if the organ or tissue were left in situ, i.e., the transplants ceased to grow when differentiation was complete and never reached adult proportions. Further, while actual counts were not made, it was grossly obvious that the number of islets appearing in transplants of entire newborn or embryonic pancreases did not approach the number found in the adult gland.
Four newborn transplants of pancreas did effect a very definite action in reducing urine glucose towards normal values in most of the experimental series receiving this number of developing glands. The glycosuria produced by alloxan in dba mice was almost always severe, giving at least a plus three reaction by Benedict's test. There was a suggestion in the results of the series where two embryonic or newborn pancreases were transplanted that a mild degree of glycosuria might have been alleviated but that severe degrees were beyond the control capabilities of the limited islet tissue of the transplants. Attempts to produce a mild glycosuria by lower alloxan dosage failed. The action of the drug seemed to be of an all-or-none character. A mild glycosuria controlled by intra-ocular transplants would allow examination of the results of removal of the transplants with a certainty not possible with the subcutaneous site.
The reasons for the failure of four newborn pancreases transplanted subcutaneously to control glycosuria in thirty-four per cent of the animals in the series involved was obscure. In almost any series of intra-ocular transplants some fragments fail to develop and the proportion of such failures is higher when newborn tissues rather than embryonic are employed.3 In the series of intra-ocular transplants of newborn pancreases ( The hypothesis of Halsted"1 that a deficiency of the corresponding tissue is essential for successful transplantation of endocrine glands is not upheld by the present results. The course of development of anterior chamber or subcutaneous transplants of embryonic and newborn pancreas was identical in normal and diabetic hosts.
It is probably significant that very immature tissues were transplanted. Both here and in earlier work' it has been shown that such tissues have much greater growth and survival potentialities than adult tissues. However, transplants of adult pancreas in a diabetic host were not made, and the lack of effect of host deficiency cannot be stated for such mature tissues. SUMMARY 1. Differentiated islet tissue appeared in the pancreas of the developing mouse between birth and the third day of post-natal life.
2. Embryonic and newborn pancreas, when transplanted intra-ocularly into animals of the same strain, showed differentiation of islets but acini were only represented by occasional cysts. The transplants persisted indefinitely. Growth, in the sense of actual increase in size, was only frequent in embryonic transplants. Adult pancreas, similarly transplanted, usually showed persistence without change.
3. Similar transplants of embryonic and newborn pancreas to animals of a different inbred strain showed similar differentiation. Growth, even of embryonic pancreas, was rare. Both tissues regressed after the first three weeks of intra-ocular life. Adult pancreas began to be absorbed from the time of transfer.
4. Intra-ocular and subcutaneous transplants of embryonic and newborn pancreas in mice of the same strain with an alloxan diabetes showed differentiation and growth similar to those seen in intra-ocular transplantation in untreated hosts. Transplants of embryonic pancreas placed beneath the capsule of the spleen failed to survive.
5. Intra-ocular or subcutaneous transplants of one or two embryonic or newborn pancreases had no effect on the course of the glycosuria in the majority of alloxanized hosts. Subcutaneous transplantation of four newborn pancreases gave reduction of glycosuria and an apparently indefinite survival in sixty-six per cent of hosts.
